Automobile
To begin we will look at the most abundant and diverse form of transportation, the automobile and the efforts that are being made to adapt its use to modern society's increase in environmental awareness. It will be seen that there is an automobile for nearly every citizen in America (young and old). As the population grows, the number of automobiles grows faster. Yet it is widely known and accepted that the current format of an automobile is hazardous to the environment and depletes the finite natural resources on Earth. Until recently, relatively little change has occurred to update the automobile to today's needs and society. Government regulations have not changed as a whole (except California which typically enforces more stringent regulations) since the 1980's.
Increased political awareness to growing environmental concern has prompted legislation that affects every major auto manufacture in the world that sells cars in the United States.
Corporate Average Fuel Economy (C.A.F.E.)
Improved efficiency in the form of increased miles per gallon is being imposed by
Congress to mandate that all auto manufactures have a combined fleet average of 35 mpg by the year 2020 1 . To achieve this manufacturers are, in addition to improving the efficiency of the internal combustion engine, implementing more hybrid technology to run on a combined electric and fossil fuel engine, adapting engines that run on fuels other than gasoline (diesel, natural gas, and hydrogen), fuel cell vehicles that take advantage of more efficient energy transfer and battery electric vehicles that charge at home or designated recharge points. All of these technologies offer exciting advantages and disadvantages that will lead to manufacturers meeting the 2020 C.A.F.E. regulations.
Automobiles and infrastructures will change from how we know them today and yet it will not be enough, by a long shot.
Vehicle Growth
The To understand the context of a bicycle and its purpose, we will first look at its history and the perceptions that evolved from it. During 1817 the first two-wheeled vehicle was developed to aid individual transit. It was a novel notion to quicken transit by coasting on a two-wheeled vehicle while propelling oneself as a result of pushing off the ground with their feet. Influences can be traced back to the Industrial Revolution, changes in existing transportation (horse and carriage) and Chinese applications of the wheel in a wheelbarrow 11 . Interesting enough, through the 1820's, increases in societal restrictions and fines had all but killed bicycle use and development. It wasn't until the 1860's when pedals were attached that development and enthusiasm for the bicycle resumed 12 . With the advent of pedal powered vehicles the "ordinary" bicycle was developed, distinguishable by its large front wheel. The large wheel was put in place to achieve greater speeds and was so successful at traveling fast that new developments into stopping and safety for the rider and public were needed. Beginning in the mid 1880's, the bicycle as we know it today began to emerge as a response to the safety issue known from the high speeds and tall riding position of the ordinary bike. The bicycle began to be known as the "safety" bike and is noted by its diamond shaped frame structure meant to move the wheels out and place the rider closer to the ground so that in the case of an accident the effects of trauma can be reduced 13 . The next forty years saw refinements to this design into the technologies we use on our bikes today. hundred years ago and something surely is available to make it more adaptable to the modern city.
Purpose and Goals
This is where I come in, my goal for the project was not to redesign the bicycle but to redesign its perception / place in society. By aesthetically and structurally changing the bicycle design I hope to facilitate an increased awareness and use. After placing new tires and lubricating the essential parts the bike was back on the road where I logged between 20-50 miles a week during the summer. The Schwinn frame was similar to any safety bike with its diamond shaped tubular structure and 26" skinny tires.
This was the starting point for my research, there were many elements carried over into my first designs. Specifically, I wished to keep the 26" tires for rider comfort and tubular frame for strength and construction purposes.
Initially, I set out to create a smaller bicycle that mechanically was simpler and could fold in half at the point of the steering axis ( fig. 3 ). This was to be accomplished by placing the rear wheel where the crank normally would be and eliminate the use of a chain and gear system while moving the steering head to the midpoint of the wheelbase so when folded the bike would be half the length for easy storage and transport. Two distinct problems arose: first, with the rear wheel placed under the rider it became apparent that the center of gravity would need to be placed well enough forward to ensure stability; second, with the steering head placed in the middle of the wheelbase questions arose about how the bike would balance and handle. Minimizing these effects ultimately determined the final layout of the design. Let's look at each one more closely. This also shortens the wheelbase significantly by 10-12 inches but consequently shortens the area between the tire contact patches, which the center of gravity must fall between to ensure the bike does not flip over. A human standing straight up has a center of gravity just above their pelvis; when placed on a standard bicycle and leaning forward the center of gravity of their body shifts forward and is placed ahead of where the rider is seated 19 .
Depending on the position and angle of lean a rider can change the location of their center of gravity while riding a bicycle; one of the key attributes to balancing. In the design of my bicycle I placed the pedal position/rear wheel center as far back as I felt would be comfortable for the rider, this allowed a reasonably wide wheelbase for stability ( fig. 4 ). I then needed to ensure the bike was stable, this was then checked with a real world model that was constructed as a tubular mockup ( fig. 5 ).
The second area of concern was the placement of the steering head. By placing the steering head in the center of the wheelbase, I wished to provide a middle axis for folding the bike in half to reduce size for storage. In order to do this I initially had the steering head angle perpendicular to the ground to allow a symmetrical fold left to right.
After further research I began to realize the angle of the steering head was not going to work despite the folding benefits. One of the major causes of a bicycle and its rider to balance is the bikes ability to self-correct itself through the steering geometry 20 . This is done by creating a torque in the geometry to realign the front wheel when it is facing anything but parallel to the back wheel. By having the steering angle down, I eliminated all natural tendencies of the bike to self-correct itself. Instead, I had to slant the steering head angle toward the front wheel to an imaginary line just ahead of the front wheel contact patch (fig 6) . Doing so will create the natural torque when the wheel is turned, providing a force to self-align the wheel straight. This torque operates in a similar manner to the self-aligning characteristic of caster wheels and can be felt by the rider through the handlebars.
From these two features and the desire to use 26" tires, the bike began to build itself rather quickly around the dimensions of a six-foot man (convenience of using myself to test the layout). Comparing measurements from statistical means 21 of average men and women with myself, I placed the seat thirty inches above the lowest pedal position to account for inseam height. Then the placement of handles was paramount to determining the angle of lean a rider would experience while pedaling and consequently determining the location of the center of gravity between the tire contact patches. Like most modern road bikes I chose to use a multi-position handlebar arrangement. This allowed two different lean angles for the rider, placed roughly at 30° and 45° (fig 7) . By placing the lean angles as such an acceptable placement of the center of gravity is achieved without straining the rider's back.
Lastly, I will discuss the overall mechanics of the bike with the effects of eliminating the use of a chain and gear. By removing the chain and gear system and placing the pedal directly onto the end shaft of the wheel hub, the pedal would spin at the same speed of the wheel. This would greatly limit the speed the bicycle could achieve.
Modern gears and derailleur systems have allowed the rider to vary the speed of the wheel while trying to keep a somewhat common pedal speed to reduce fatigue and work.
Historically, larger wheels were made for the drive wheel to achieve greater speed with In my project, my initial inclination was to make a bike out of metal tubing because it is strong and durable but also because a precedent has been set that it is done this way. Metal is recyclable to the extent that it can be melted down if pure to create the same material it was before but when it is contaminated it has to be downgraded to a less technically sound alloy 22 . So to use metal I need to consider the type of metal being used and what finishes it would need. Stainless steel and aluminum are two metals that could cost effectively be used without an exterior surface finish that could be recycled rather that down-cycled 23 . Carbon steel is cheaper but requires a surface finish to prevent rusting; not only does the surface finish raise questions of harmful environmental effects but also what effects are there to remove the finish before the metal can be recycled 24 . Overall, the initial lower cost of using carbon steel is intriguing but the lifecycle cost and environmental impact would outweigh any initial savings. 
